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(57) Abstract 

An optical irradiation device incorporating a cluster of LEDs (II, 
43) arranged so that shaped facets of adjacent LEDs come together to 
increase the packing density of LEDs in the cluster. A light guide (41) 
collects light emitted by the LEDs. Two or more light guides (41) and 
LED clusters (43) may be arranged in scries to produce a single light 
beam. A heat pipe (45) is provided to conduct heat away from the LEDs 
(43). The heat pipe (56) may be annular and contain an Inner storage 
space for batteries (60) or the like. 
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OPTOGM. IMXDIATOOtI DEVICE 

This invention relates to an optical Irradiation device, 
especially a compact portable irradiation device suitable for 

use as a light polymerisation source. 

It has already been proposed to use light-emitting diodes LEDs 
in a hand held device to produce a focused beam of light to 
cure dental materials . Blue light at a peak wavelength of 
about 470nm is used to harden dental polymers which contain 
ceunphoroQuinone as the photolnitator in a methacrylate 
polymerisation process. However, there is a problem in 
producing a sufficient level of irradiance even with a 
clustered array of LECs, to cure the Icnown dental polymers In 
the recommended time. At the lower levels of irradiance 
available generally below 300mW/sq.cm, longer curing times 
have to be allowed r \p^lch reduces the efficiency of the dental 
treatment delivered. 

DISCLOSURE QF THE TWEMTTQT^ 

An object of the present invention is to provide an optical 

Irradiation device that employs LEDs, and thereby has the 

benefits of compactness, portability, ruggedness and long 
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life, but Which also produces improved levels of irradiance at 
and above 300mW/sa.cin. 

According to a first aspect of the invention. LEDs are 
clustered in an irradiation device by forming shaped facets on 
adjacent LEDa which allow them to adjoin more closely than 
they would otherwise with conventional spherical outer 
surfaces as manufactured currently. 

According to a second aspect, the invention consists in a 
tapered light guide for an optical irradiation device, which 
light guide is tapered from its input end to its output end 
and has an intermediate region of minimum diameter in which a 
bend is formed. 

According to a third aspect, che invention consists in an 
optical irradiation device employing leds and incorporating a 
heat pipe to cool the LEDs. 

»ceordlna « . fourth «p,ct, the invention con,i«« in e heat 
Pip. cc-srieln, inner ^ „„«r «.u, a„t 
Wt^linally ir«. «« „ ^ ^ 

^tlr^ an annular apace therebetween conuining , ,»tert.l 
that .erve. to abaorb heat by a pha« change, the annular 

space being divided by intairnai 

y internal walls into a plurality of 

fluid flow chimnels hh«f- - i 

««nneis that extena longitudinally between said 
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ends, some of said channels being adapted to conduct the 
liquid/vapour phase of said material fron, the hoc and of the 
heat pipa co the cold end. and other channels being adapted to 
return said liquid phase from the cold end of the pipe to the 
hot ezid. 



According to a fifth aspect, the invention consists in an 
irradiation device employing LEDs and a tapered light guide to 
collect radiacion emitted by the LSDs and deliver this to an 
output be««. wherein two or more tapered light guides are 
arranged in series so that successive guides receive radiation 
from preceding guides, and a group of lbDs is provided at the 
input end of each guide, each successive guide preferably 
being provided with a ring of LEDs around the output end of 
the preceding guide. 

T*. tl«t «p,ct Of th. l„v«>ti<„ u»t LBD= occupy ™,re 

oi the avall^U .p.ce, and a fixad r,^r produce a bl»h«r 
radiant Inteneity. .mu., i».li.r of LED. can be ua«l 

« produc. a de.lr«i l.vel of irradiance, which in turn 
reduces the power rec^ired to drive the device and the heat 
««..r.ted ^ it. ^^ornore. the device can be ^de „ore 
co^ct. Pacicing of the LEDs in this way n»y involve a slight 
reduction in the output of .ach .ED. .ut the ^re effective 
PacMn, density produce, „ o..„,, ^„ 
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^icaily, a central LED might have a polygonal outer surface, 
and a first ring of leDs would be arranged around it. each 
with a flat face to abut a corresponding face of the central 
LED and possibly each having a pair of radiating side faces 
Which abut adSacent LEDs in the first ring. Furthermore, a 
second or more rings of leds could be arranged concentrically 
with the first ring, each with respective adjacent flat side 
faces abutting one another and possibly with inwardly diverted 
faces abutting respective outwardly directed faces of the leds 
Of the inner ring. Alternatively, a single ring or two or more 
concentric rings of leEs could be used without a central LED. 

PgSCRIPTTOM t^. TNpj^i^TfTnri 

The invention will now be described by way of example with 
reference to the accompanying drawings, in which: 

SiSQ^^ is a schematic cross-section through a first 
embodiment of the invention comprising a cluster of hexagonal 
Beet ion LEDS; 



I. . ,=he.ati= c,o„-a.=ti=. through a 
«*«>i~nt Of th. xo«ntt„ cc,.l.i^ , ^ ^ 

aroup of UBS «nd «, outer ring of LEDS, 
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^^^^^ ^ * schematic cross-section through a third 

embodintent of the invention comprising a cluster of two rings 



Of LEDS; 



Fjquy? i is a schematic side elevatinn « « 

siae exevatxon of a fourth embodiment 

of the invention; 



£iffli£^ is a schematic longitudinal section through a fifth 
embodiment of the invention; 

£ifflU:S_£ is a schematic longitudinal section through a sixth 
embodiment of the invention; 

£AaittS-^ is a schematic cross-section through a bundle of 
light guide fibres with modified sections; 

is a schematic side elevation of a tapered 
liaht-guide according to ahother embodiment of the in^^tion; 
and 



i. . .Chaotic =ro..-..ctlo„ through , h«t pip. 
Mcoraina to eha invmtton. 



IWDE OF r»m>YTr« Titn Ti rTirrTi ii.! 

m . typio.. i,r«,„io. a.vic .ocording „ th. 

.nv«.tic„. . pi„^,,^ ^. ^^^^^ ^ ^ 
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direct emitted radiation into a single beem. a cluster of 
ia)s 43 is shown in side view in Figure 4, and in plan view or 
croas-section in Figures 1 to 3. Bach LED co«5.rises a 
light-emitting semiconductor Pn junction (not shown) which is 
encapsulated in an outer plastics envelope, the profile of 
which is shown in the drawings. The sides of the LED 

envelope are shaped to allow the LEDs to be clustered together 
niore closely at their bases, thereby increasing the ratio of 
occupied to unoccupied space in the cluster of LEDs. The 
tips of the LEDs are substantially spherical and transmit the 
radiation to form tbe beam. 

in the embodiment of the invention illustrated in Figure 1 the 
outer envelope of the LEDs is hexagonal in cross-section, and 
the LEDS are clustered in the manner of a honeycomb as shown, 
with adjacent facets abutting one another. 

in the second embodiment of the invention illustrated in 
Fifirure 2. a central LED 21 of hexagonal cross-section has 
facets ^ch abut adjacent facets of six LEDs 22 in a first 
ring of LEDs with radially extending side facets that allow 
adjacent LEDs in the ring to abut one another, a second ring 
of LEDS 23 is arranged around the first ring of LEDs. and 
these LEDS 23 have radially extending side facets that allow 
adjacent LED. in the ring to abut one another. 



wo 99/16136 



7 



PCT/GB98/02905 



m . third «4x.aiM„t ot the in«„tion shown in Fl,„r. 3, ^ 
!«.« rin. Of nin. lEDa 3Hn . fir.t rtn, i. contained within 
. ..eond rl«, of ied, 32. and radially «..„alng aid. ,.c.t. 
Of th. LED. in hoth ring, allow adjaoent LEO. in aaoh rlna to 

abut one another. 

Both th. .«,ond «.ax>di«nt of Pi^re 2 and th. third 
""o^t Of Pi,„r. 3 ^ ^ ^^^^^ 

or .^r. furthor conoontric ring, of ^. ^ 
Clr=u»f,r„tial fao.t, of th. LED, of .ach ring «y h. shaped 
to -»t .liniiarly .hap.^ =ir.v»f.r«.tial facts of th. 
adjacent ring of hSDa. 

in y.t a„oth« ^^^^ ^ 

Px.ur. 2 ^ ^ ,^1.,^ ^ th. sa« n»ber of LKOs in a 
Wco.^ clu.t„. v« ^^^^^^^^ ^ 

slnal. rl«, of ^ 3, ^ ^^^^ ^ ^^^^ ^ 

^r.oi.t.d in all three iUustrated e^odi«nt,. the LED. are 
mount*a in a subatantially flat plan.. 

xn nodlfyu. the conventional optical sphere .hap. of the 

out«r Plastics envelop, of a LED care ha. t. k 

" *" " be taken to 

rr " " °' - the 
«».aop. Of ^. . ; 

their rMo™, .^^ " ""i't 

the ^„i^ .«n„,actur., th. sh««a 
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side facets c«m be formed eround the broader base of the LED 
to change its croaa-section. for example to become hexagonal, 
but with these facets having a reducing effect on the shape of 
the envelope towards its tip where the focusing effect of the 
envelope is concentrated. n,^ ^he invention can e«q,loy 
existing LBDs and modify their shape in a secondary 
manufacturing process. for example, using jigs, or the 
invention can employ leDs which have been specially 
manufactured with the required outer envelope shape to 
accommodate better clustering. 

Th. o( th. LED. n»y b. polish to enhaae. 

r.fl.etion <ma h.lp r«iuc. ^ I0.3 o£ optical po«r.. 
Additionally, a radaetiv .»tallic fil„ b. appU«l to th. 
shapad facets to further enhance reflection. 

The LED, «,v alao Incorporate a .icrolena or n^crol«« array 
CO aid colllnation of the beam. 

Th. .lectrlcal ccm»ctio„. of th. leDs. toown a. tr^, 
4«. «. CM„eet.d to respective positive and negative ^ 
t«.inal. or bus bars «. Preferably, these t,r^nal. ar. 
•deptad to earve th. *»l fu^,,,„ 

h«t ^ated by the „. Thus. th. t«^. 

«. to^ Of a ,00a thermal cona.ctor such a. co^r, and ar. 
iccat... in th. optl^ location relative to the .HD. ..a th. 
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external surfaces of the device. in one particular 

embodiment most suited to the LED array of Figure 3. the 
terminals 42 take the form of two concentric rings, each lying 
adjacent to the bases of one ring of LBDs 31 or 32. 
Preferably, the negative terminal is the outer one because the 
negative lead frames 44 of the LEDs generally get hotter than 
the positive lead frames 44. 



The typical optical irradiation device according to the 
invention also preferably incorporates a tapered light guide, 
shown as guide 41 in Figure 4. to collect light emitted by the 
USDS and deliver this as an output beam. it is known to use 
light guides with adiabatic optical tapers in optical 
irradiation devices so that there is total .internal reflection 
of the light as it is conducted from the light source to the 
output. However, an advantage of the invention is that the 
more compact crosa-section of the LED cluster means that the 
diameter at the input end of the light guide can be smaller, 
and thus a smaller angle of adiabatic taper (i.e. the ratio of 
the diameter of the input end to the output end of the light 
guide) can be provided in the light guide with the consequent 
more efficient transmission of radiant energy and increased 
illuminance. Ohia improvement is most marked compared with a 
conventional approach of si^ly increasing the numbers of LEDs 
xn a Cluster at ever increasing diameters with decreasing 
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beneficial effect on illuminance and increasing detrimental 
effect on compactness, heat generation and cost. 



in another embodiment of the invention, illustrated in Figure 
6. two or more adiabatic tapered light guides 41 are arranged 
in series, each with a corresponding cluster of LEDs 43. but 
with successive clusters formiag a ring around the end o£ one 
light guide as it connects to the next. Alternatively, each 
successive ring of leds 43 may be replaced by just one or a 
fewer number of lbDs. This arrangement allows the overall 
diameter of the device to be Jcept relatively small as the LED 
Clusters 43 are arranged in groups along the length of the 
device* 

la th. pr.f«nr«l «bo<U»«c of Fi^. 4, . 
light Buld. 41 1. ptovid*!. It r.«ir«i, th. lLgb% aula, cn 
h. curved .long u. l««,th. shown m Figure 5. to dl«ct 
th. output bo.- to suit . particular .ppliction, thi. hoing a 
l«o«n practic, with «i«i„g light guidas. Tha light guid. 

b, .«:hinad fro» c.,t acrylic plastic ^ bent, or dould 
b. ».d. from gla.. „r othar optically tranaparent ^.tarials, 

»n .Itamative light guid. is illustrated in rigure S in «hich 

band in th. li,bt guide ,1 is „ , 

.action « in i,. ^ ^^^^ 
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b.to« „id«a„g to a larger di«Mter t»«rda It. output 

•nd. By forming th. b«,d at th. minima dla«.t.r, the light 
tr««„l..ion lo„., „t the light guide caused by the bend ar. 
reduced, but the effective cr«.-.«:tion.l «r.a of the output 
beam is malntaiiaa at the required level. 

»»ed fibre-bundle light guides have th. adv«>tage of 
individual fibre, b.ing of a relatively diaa^ter .o that 

tl»y =«, be b„t over a tighter radius without th. greats 
lo..es a..«=iated with larger alerter fibre, when b«.t over 
the radiu.. Ho.«™^, conventional fused- fibre bundl.. 

th. dt.adv«.t,ge Of a pacing fraction lo... that ia, th. 
cuter Cladding of the fibre u... up a .ignifioant proportion 
Of th. cro..-.«tion of th. It^t guide into which light from 
the se^co«iuctor array i, c^^^ted. thus reducing the amount 
Of tran^aitted radiation available from the eemiconductor 
.ourc.. Pr.fer.bly, therefore, in on. ertodi«nt of th. 
lnv.ntion, illu.trat«l in Figur. 7. th. guld. co-^i... . f«, 
fibr.. .1 pi„«, ^ 

tog.th«. » ^ ^. „«,„t„tur«, by 

«i«0Q..rtz 3ci»c.s inc. of Pho«^. ^ ^ 

way. the diameter of each f4K— 

or each fibre is smaller than a single 

trans^iseion on ^ain. a.cun. ..e sa„e .ena .adius. ... also 
pac^„, .educe, over conventional 



wo 99/16136 



12 



PCT/GB98/02905 



fibre guide*. resulting in a greater than 90% core 
availability at the input end of the guide. 

In another enbodiinent of the invention, a graded-index 
optical light guide is used. A graded-index light guide has 
no sudden interface between the cladding and the core, 
instead, the refractive index varies either radially or 
axially. m one embodiment, the gradient of the refractive 
index of the light guide varies both radially and axially so 
that the light energy is favourably manipulated. A guide 
that uses a stepped index could also be used with the sa«e 
axial and radial variation in refractive index. m this way. 
the numeric aperture can be varied at either end of the guide 
to achieve the desired transmission. 

In other embodiments of the invention, instead of providing a 
single tapered light guide, each LED or groups of LEDs could 
be provided with its own light guide fibre incorporating an 
adiabatic optical taper, and the output ends of these fibres 
could be collected together to form a single output beam. The 
input end of the fibre would be moulded optically to the 
adjacent LED or group of L^s for efficient transmission of 
radiation, in this way. the diodes can be spaced mere widely 
to dissipate u««ntedheat. In yet another embodiment of the 
invention, each .ould be adjusted so chat its outer 

envelope is extended into a fibre li^ht guide which 
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incorporates an adiabatic opcical taper. m yet another 
embodiment, the section of the fibres may be modified so that 
shaped faces of the fibres fit together to reduce the 
interstitial space. One embodiment of this design could be 
as shown in Figure 7. 



The light guide or light guides used according to the 
invention may be formed with an outer metallic coating to 
improve its performance. 

It will be appreciated that the irradiance of the device 
according to the invention can.be varied by varying the input 
power, number of LEDs, or by varying the adi'abatic taper of 
the light guide. 



Cooling of the LEO cluster can be aided according to another 
feature of the invention by arranging that the electrical 
connections of each LED are thermally connected to one or more 
heat pipes. Conventional LED irradiation devices usually 
include a heat sink to conduct away the heat from the LED 
chips. Heat sinks are generally slow and inefficient in 
conducting heat away from a heat source compared with heat 
Pipes. Heat pipes conduct heat away rapidly by using the 
latent heat of a substance, such as water, which is vaporised 
by the heat from the source. The vapour move, at high speed 
to Che cooler end of the heat pipe and condenses. Heat pipes 
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are unique in their ability to conduct heat rapidly in this 
way. 

Figure S shows a device according to the invention which 
incorporates a heat pipe 45 as a single lumen in the main body 
46 Of the device. The hotter of the LED leads is preferably 
placed nearer the heat pipe 45 or outer case 47 of the LED 
cluster so that the heat path of the hotter le/d is shorter. 
A thennal connector 48 may be provided between the LEDs 43 and 
the end of the heat pipe 45. if required, additional forced 
cooling means may be used for example, a fan 49 or Peltier 
device 50 in juxtaposition to the pipe. m addition, a heat 
sink 51 may be provided. 

Because of the greater cooling ability of heat pipes, they 
allow the LEDS to be driven in such a manner as to produce 
more radiation, and thus allows a more powerful device to be 
manufactured. 

For portable use, the LEDs are operated from batteries 52. 
Which are located in a hand grip S3 attached to the body 46,' 
in Figure 5. However, the heac pipe design can be modified 
as shown in Figure 9 to accommodate batteries. rh^ ^^^^ 

Pipe consists of two concentric heat conducting tubes 55 56 
With a folded interstitial heat conduction el«,.nt 57 between 
these tubes similar in appearance to a length of corrugated 
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Sheet rolled into a tube. This lies within the concentric 
tubes. The wicks 58 of the heat pipe can then be placed in 
alternative grooves in the corrugated sheet, while the en©ty 
grooves 59 allow for the rapid movemenc of the vapour formed 
at the warmer end of the heat pipe. 

By designing the heat pipe in this way batteries, capacitors, 
supercapacitors or other energy source 60 can be located 
within the izmer wall 55 of the heat pipe. 

m sone embodiments, for example, where there are a large 
nuBiber of LEDe. a heat sink 51, may be necessary in addition to 
the heat pipe 45. The intermittent use of an LED irridation 
device for dental curing, means that with careful design, a 
heat sink may be omitted. if cooling to below the ambient 
tenqperature is required, such as may be the case in extreme 
•nviromnanta. a Peltier device 50 may be added to the heat 
pipe, although a Peltier device will result in a greater 
consuii5)tion of power and a requirement for greater heat 
dissipation . 

The wavelengths of the LED used will depend upon the 
applications of the device, a led emitting blue light with a 
peak wavelength of about 470mm is used to harden dental 
polymers, but a LED emitting red light may be useful for 
Photodynamle therapy, for example, cancer therapy. 
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The wavelength of light emitted by the LEDs may be modified in 
a light guide by doping the material from which it is composed 
with fluorescent material. This can serve to lengthen the 
wavelength of the emitted light so as to suLz the particular 
application. 



The choice of LED is also important in terms of its 
construction, diameter, irradiance and light angular spread 
pattern. Prom a range of known LEDs the best available 
choice has been determined as that with a 3mm diameter rather 
than a 5mm diameter and an angular spread of 30 degrees rather 
than 15 or 45 degrees. Nichia is the manufacturer of these 

LEDs. 



It will be appreciated that the cerm "light-emitting 
diode-LED- as used herein also includes laser diodes. 

1^3 in the devices according to the invention may be operated 
in a pulsed mode or modulated mode to vary the output 
radiation intensity to suit the application, and multiple 
Clusters of LEDs. such as in the embodiment of Figure 6, may 
each be generated in a different mode. 

The power supply for the LEDs of the device according to the 
xnvention could be mains power, battery power, capacitor. 
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suparcapacitor, solar power, clockwork generator or generator 
powered by the mechanical effort of the operator or assistant. 

in one embodiment, a capacitor or supcrcapacitor could be used 
to power the array having advantages over conventional 
rechargeable sources such as batteries. Capacitors can be 
virtually instantaneously recharged between one or more curing 
cycles of operation when the unit is connected to a power 
source. 



The power supply for the device may be re-chargeable, and may 
be designed to make automatic electrical contact with the 
charging means of a base unit when engaged with the latter in 
the manner of a cordless telephone handset. 
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CIAIMg 

1. An optical iiradiation device comprising an array of light-emitiing diodes (LEDs) 
closteicd so that radiation they emit is ditceted into a beam characterised in that each LED is 
formed with multiple facets such that the facets of adjacent LEDs adjoin one another in close 
proximity throughout their length. 

2. A device as claimed in claim 1 in which the facets of adjacent LEDs extend 
substantially parallel to one another. 

3. A device as claimed in claims I or 2 in which the facets of adjacent LEDs abut one 
another. 

4. A device as claimed in any one of the preceding claims in which LEDs are arranged in 
a ring with side facets of adjacent LEDs adjoining one another. 

5. A device as claimed in claim 4 in which LEDs are aitanged in concentric rings with 
side facets of adjacent LEDs in each ring adjoining one another. 

6. A device as claimed in claim 5 in which the LEDs of adjacent rings have radiaUy 
directed hecxs adjoining one another. 
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7. A device as claimed in any one of claims 4 lo 6 in which a single LED is located 
within said ring or imiennost concentric ring. 

8. A device as claimed in claim 7 in which said single LED has radially directed facets 
that adjoining facets of the LEDs in said ring or innennosi concentric ring. 

9. A device as claimed in any one of the preceding cliiims in which the LEDs arc regular 
polygons in cross-section. 



10. A device as claimed in claim 9 in which the LEDs are hexagonal 



in cross-seaioiL 



11. A device as ckdmed in any one of die preceding claims in which the facets of the 
LEDs axe polished. 

12. A device as claimed in any one of the preceding claims in which die facets of the 
LEDs are provided with a reflective coating. 

13. A diode adapted for use in an optical irradiation device as claimed in any one of 
claims 1 to 12. 

14. A device as claimed in any one of the preceding claims, including a light guide for 
collecting Ught from the cluster of light emitting diodes. 
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15. Adeviceasdaimedin any one of claims 1 to 13. wherein a light guide is provided for 
each light emitting diode in the cluster. 

16. A device as claimed in any one of the preceding claims including a Ught guide for 
collecting light from d» cluster of LEDs. .he Ught guide having an index that varies ftom one 
pan to anodier so as to manipulate the Ught 

17. A device as claimed in any one of the preceding claims including a light guide that 
consists of afcw fibres formed individually before being bundled together. 

18. A device as claimed in any one of the pmcedmg dahns including a light guide 
consisting of shaped fibres padced together so duu the paddng fraction is reduced. 

19. An irradiation device employing LEDs and a tapered light guide to collect radiation 
emitted by die I£Ds and deUver this to an output be.m. characterised in that two or more 
tapeted Ught guides are arranged in series so d,at .successive guides recdve radiation flom 
preceding guides, and an I£D or group of LEDs is provided at the input end of ead, guide. 



20. A device as claimed in daim 20 in whidi cad, succes.sive guide is provided with a 
ring of LEDs around the output end of die pieceding guide. 



21. A device as darned in any one of ti« preceding claims in which the heat is removed 
fifom the LEDs by a heat pipe. 
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22. A device as claimed in dahn 21 in which a plurality of heai pipes is used to transfer 
beat from the LEDs. 

23. A device as claimed in claim 21 or 22 in which an annular heat pipe is sued so chat it 
can contain energy storage means. 

24. A device as claimed in any one of the preceding claims, induding a Peltier device to 
cool the LEDs. 

25. A device as claimed in any one of the preceding claims having a pistol grip to contain 
energy storage means. 

26. A device as claimed in any one of the preceding claims, including a capacitor or 
supeicapacitor to power die device. 

27. An optical inadiadon device comprising a plurality of LEDs and a heat pipe to cool 
the LEDs. 



28. A hand-held device for curing dental materials including an optical irradiation device 
as claimed uk any one (df the preceding claims. 
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29. A beat pipe comprising inner and outer walls that extend longimdinaily 6om one end 
of ihe heat pipe to the other and define an annular space therebetween containing a material 
that serves to absorb heal by a phase change, the annular space being divided by internal walls 
into a plurality of fluid flow channels diat extend longitudinally between said ads, some of 
said channels being adapted to conduct the liquid/vapour phase of said material ftom the hot 
end of the heat pipe to the cold end« and other channels being wiafited to return said liquid 
phase from the cold end of the pipe to the hot end. 

30. A tapered light guide for an optical irradiation device, which light guide is tapensd 
from its input end xo its output end and has an mtermediate region of minimum diameter in 
which a bend is formed 
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